Introduction
Every year, more than 9000 persons die in Switzerland because of tobacco-related illnesses, which account for around 15% of all deaths in this country [1] . Furthermore, 300 000 people can be conservatively estimated to suffer from a serious smokingrelated disease [2, 3] . (The US Surgeon General in his 2014 report [2] estimated that for one death attributed to smoking, there were 30 people suffering from a serious smoking-related illness; we applied this proportion to the number of deaths caused by tobacco smoking in Switzerland.) This is likely to be an underestimate. Indeed, the Swiss Lung League [3] estimates that 400 000 persons suffer from chronic obstructive pulmonary disease (COPD) alone, a disease which is mostly caused by smoking (80 to 90% of persons with COPD are smokers).) According to official statistics, smoking prevalence in Switzerland is among the lowest in Europe (about 25% [4] [5] [6] [7] , 28% is the average in Europe [8] , 34 .1% in France for age group 15-75 years [9] ); adult daily Addiction Monitoring in Switzerland (AMIS), the consortium of organisations mandated by the Swiss Federal Office of Public Health (FOPH) to establish prevalence statistics, states on its website [11] that "Available data on smoking prevalence in the countries neighbouring Switzerland (Germany, France, Italy and Austria) suggest proportions of smokers relatively similar to the Swiss figures or significantly higher, particularly in France." If smoking prevalence is taken as the indicator of success in tobacco control, Switzerland might appear to be doing as well as or better than its neighbours and better than most European countries. This observation was recently made by the Swiss Senate when rejecting a proposed tobacco product law: the senators considered current smoking prevention measures as effective and thus concluded there was no need to change them [12] . Tobacco is less regulated in Switzerland than in most other European countries. With respect to three key tobacco control measures -taxation, smoke-free policy in public places and advertising bans (corresponding respectively to articles 6, 8 and 13 of the World Health Organization Framework Convention on Tobacco Control) -Switzerland trails behind most of the other countries included in the Tobacco Control Scale Europe 2013 [13] : it is last in terms of advertising bans and next to last in terms of affordability of tobacco products; its smoking ban in public and work places is also among the weakest (figs 2-4). The present study was motivated by a crude comparison we had made between reported results of FOPH population-based surveys and aggregate measures of national tobacco consumption, which exhibited a substantial discrepancy, suggesting that official statistics might perhaps underestimate the actual prevalence of smoking in Switzerland. Could it be that legislators and other public health professional base their tobacco control policy decisions on smoking prevalence estimates that are more reassuring than may be justified? It has been observed in other studies [14] [15] [16] that in surveys smokers tend to underreport (declare smoking fewer daily cigarettes than they actually do) or misreport (declaring themselves as nonsmokers when they are irregular users or as non-daily users when they are regular smokers) their smoking status. This is seen notably when total consumption estimated through survey data (hereafter called reported consumption, following Kenneth Warner's terminology [14] ) is compared with consumption figures estimated from national aggregate data (hereafter called "actual consumption", again Warner's terminology [14] ): shortfalls of up to 33% have been observed, which means that reported consumption accounted only for two thirds of actual consumption [14, 15] .
Our aim was to perform a detailed comparison between reported consumption and actual consumption in Switzerland in view of assessing the level of underreporting. Based on our finding, we will put forward possible reasons for this phenomenon. 
Materials and methods
To evaluate cigarette consumption in a population, two methods are generally available: the first method is to obtain data by surveying a representative sample of the population, asking questions about individual smoking behaviour (hereafter "survey data") -this is the usual way of calculating smoking prevalence officially reported by governments; the second approach uses aggregate data about volumes of sales of cigarettes, usually obtained by governmental administrations in the context of collecting excise taxes (hereafter "aggregate data") [14] [15] [16] [17] . Survey data offer the advantage of identifying group characteristics and factors linked to smoking, and provide more information about the consumer, but tend to suffer from reporting issues. Aggregate data (presented as total and/or per capita cigarette consumption) generally produce objective quantitative information about overall volumes. They are not affected by changing social attitudes towards smoking but lack information about consumers.
Actual consumption
To be meaningful from a public health perspective, actual consumption of cigarettes by the resident population needs to be assessed. To estimate this, a starting point is legal domestic sales data (number of duty-paid cigarettes sold in the country). We obtained these data from the Federal Customs Administration [18] , which provided them with a disclaimer that "the sales figures do not correspond to the quantities consumed by the resident population. Indeed, the quantities of cigarettes sold strongly depend on the evolution of purchases by cross-border commuters and foreign tourists, on contraband, of imports done in the context of touristic traffic or Internet sales, on transition from manufactured cigarettes to roll-you-own tobacco, and on provisions made by consumers when price increases are announced." Thus, to obtain quantities consumed by the resident population, two adjustments are needed: -Adjustment 1: Aggregate data on sales of dutypaid cigarettes in the country need to be adjusted to take into account cigarettes which are brought into the country via legal or illegal channels (inflows) and cigarettes which are sold but not consumed in the country (outflows). Adjusting for inflows and outflows provides a measure of the cigarettes consumed in the country. -Adjustment 2: The number of the cigarettes consumed in the country needs to be converted into the number of cigarettes consumed by residents. This is done by subtracting cigarettes smoked in Switzerland by tourists or other travellers while visiting the country and adding cigarettes consumed by Swiss residents when they are abroad. We will elaborate below how we applied these two adjustments to obtain an estimate of the number of cigarettes consumed by the Swiss resident population. All our calculations are yearly and relate to years 2012-2015. We have all the data needed to perform our analysis for years 2013-2015 and have also included year 2012 by extrapolating some data, as will be shown below, to include the year covered by the most recent Swiss Health Survey (SHS) [19] .
Comparison with France
In the factsheet [20] published to present its proposal for a new tobacco product law, the Federal Office of Public health compared tobacco regulations on advertising, promotion and sponsorship of Switzerland with Germany and France. France is also pointed out as a country in which the proportions of smokers is "significantly higher" than in Switzerland [11] . Motivated by this reference to France, we decided to compare the Swiss results with corresponding French results. Fortunately, France is a neighbouring country for which we could obtain all the data for a recent year (2014) necessary to make a full comparison. We could not get similarly complete data from other neighbouring countries.
Roll-your-own cigarettes
In addition to manufactured cigarettes, our aggregate data also include roll-your-own (RYO) cigarettes. National sales data on RYO are usually expressed in units of weight (tonnes). We have converted these measures (for both Switzerland and France) into number of cigarettes, by assuming that one RYO cigarette contains 0.75 g of fine-cut tobacco, which corresponds to the median weight in Europe [21] .
Reported prevalence and consumption
Since 2011, the Swiss Federal Office of Public Health (FOPH) has been mandating a consortium of organisations, operating under the label Addiction Monitoring in Switzerland (AMIS), to carry out on its behalf representative monitoring of addiction and use of psychoactive substances, including tobacco and alcohol. Each year, around 10 000 persons are interviewed through a telephone survey using predominantly home phones (with a mobile phone sample limited to 1000 persons). In the analysis below, we use the estimates contained in the AMIS report for the years 2012 to 2015 [4] [5] [6] [7] for smoking prevalence and smoking intensity (number of daily cigarettes smoked on average by a smoker) for daily and occasional (non-daily) smokers, as well as for all smokers confounded. Using these estimates, we calculated reported consumption: Reported consumption (bn) = pop15+ * prevalence * dailycig * ndays / 10 9 , with ndays = 366 for 2012 and 365 for the other years In addition, we did the same calculation for year 2012 using prevalence data obtained from the Swiss Health Survey 2012 [19] conducted by the Federal Office of Statistics every 5 years. For France, the data for reported prevalence are taken from the Baromètre santé 2014 survey [22] . However, as Baromètre santé 2014 only covers age group 15-75, we have extrapolated data from Baromètre santé 2010 [23] for the age group 76+ years.
Data sources for legal domestic sales
We obtained aggregate data on legal domestic sales for 2012 to 2015 from the Federal Customs Administration [18] , which provided us with precise figures of the number of cigarettes and the quantity of fine cut tobacco (expressed in tons) sold on the domestic market for each year of the period. For France, aggregate figures for legal domestic sales come from the data compiled by the Observatoire français des drogues et des toxicomanies (OFDT) [24] . OFDT obtained aggregate data from the French customs administration in charge of tobacco taxation, a source that is very similar to the one from which we obtained corresponding Swiss data.
Inflows and outflows
For adjustment 1, we used the estimates of inflows/outflows (for both Switzerland and France) from the KPMG Project Sun reports [25, 26] . KPMG is one of the Big Four accountancy firms offering audit, assurance, tax, consulting and advisory services. In their Project Sun contracted by the four largest multinational tobacco firms, they studied and reported "on the estimated size and composition of the total cigarette market (including counterfeit and contraband products) […] for each of the 28 EU Member States, Norway and Switzerland." Their reports present data on total consumption of manufactured cigarettes for each country included in the study. The amount of legal domestic sales was provided by the manufacturers themselves. To reach the total amount of consumed manufactured cigarettes, outflows (cigarette bought in a country but consumed abroad) and inflows (both legal and illegal) were estimated by KPMG using a method they developed called the "empty pack survey". Their methodology has been the subject of criticism, notably because it "tends to overestimate illicit cigarette levels particularly where cross-border shopping is frequent (Austria, Finland, France)" [27] . However, these overestimates will not significantly affect our results and, if so, only conservatively (towards reducing reporting discrepancy). It should be noted that KPMG's estimates of inflows and outflows concern only manufactured cigarettes and do not relate to RYO. We assume that the inflows/outflows balance for RYO, which we have no means of estimating, is in any case negligible in our context and thus it is acceptable to ignore it in the calculations. This decision is conservative for our purpose, since because the inflows/outflows balance is positive for manufactured cigarettes, it is also likely to be positive for RYO, which would result in a larger total consumption in Switzerland. Finally, KPMG's data do not cover year 2012. To extend our analysis to the year of the Swiss Health Survey, we have extrapolated KPMG 2013-2015 inflows/outflows results to 2012 by using their average. It is believed that the small inaccuracy thus introduced is unlikely to substantially alter our conclusions.
Balance of tourism
The tool we have at our disposal for adjustment 2 is the balance of tourism published in Switzerland by the Federal Office of Statistics [28] (and in France by the Institut national de la statistique et des études économiques: INSEE [29] ). The balance of tourism is the difference between the money nonresidents spend in the country when visiting it and the money spent by residents when they visit other countries. Our assumption is that, at equal budget, Swiss residents traveling abroad will buy the same number of cigarettes outside the country as nonresidents visiting Switzerland, so that the net resulting consumption will be zero if the balance of tourism is zero. This is in fact conservative for our purpose. Indeed, using data from the 2014 results of the KPMG report [25] , yearly per capita consumption of manufactured cigarettes is higher among Swiss people (1279) than the European average (1070), and the price of cigarettes is higher in Switzerland than in most European countries. Thus, Swiss smokers travelling abroad will be more likely to buy cigarettes in the destination country (or in duty-free shops), than tourists visiting Switzerland to buy domestic cigarettes. We thus assumed (conservatively) that only the balance of tourism needs to be considered to apply adjustment 2. We assumed (again conservatively) that a third of tourists smoke and spend on average 5% of their budget on cigarettes.
Results

Actual consumption: number of cigarettes smoked by Swiss residents, 2012-2015
The results leading to the calculation of actual consumption of cigarettes by Swiss residents during the period 2012 to 2015 are shown in table 1. Domestic legal sales data obtained from the Swiss Federal Customs Administration (FCA) indicates that the sales of manufactured cigarettes steadily decreased over the period, ranging from 11.43 billion (bn: 10 9 ) in 2012 to 9.91 bn in 2015 [18] .
Adjustment 1
The KPMG reports [25, 26] [26] . KPMG observes that duty-free inflows account for a quarter of the cigarettes legally entering the country, a proportion higher than other EU countries, notably since 2011, when travellers entering Switzerland were entitled to a duty-free allowance. This phenomenon was accentuated in 2015 with the strong appreciation of the Swiss franc at the beginning of the year, which also reduced outflows [26] . 
Discussion
The discrepancy between reported consumption and our estimate of actual consumption appears to be a phenomenon that has remained large and relatively constant over the period under study, ranging between 45 and 50% in the years 2012 to 2015. Although this paper has concentrated on the AMIS survey, the SHS survey does not appear to be immune from the phenomenon, although it is slightly less pronounced (SHS reporting discrepancy: 45.1%; AMIS reporting discrepancy in 2012: 48.8%). The reporting discrepancy might be the result of one or several of the following anomalies: -Reported consumption is larger than our calculation indicates. -Actual consumption is lower than aggregate data indicate. -Actual smoking intensity (daily cigarettes) is higher than reported by surveys. -Actual prevalence is higher than reported by surveys.
Explanation 1: Reported consumption is larger than our calculation indicates
The way we derived total consumption from the AMIS estimates of prevalence and smoking intensity was rather straightforward and can be easily verified. As a matter of verification, the amount we described for 2014 (6.31 bn cigarettes) for reported consumption is just slightly larger, that is, on the conservative side, than the reported consumption calculated by the Federal Office of Public Health of 6.137 bn cigarettes [32] . The reported consumption refers only to age group 15+ years and does not take into account consumption by children below the age of 15. Although smoking in children aged less than 15 years is a highly preoccupying problem from a public health point of view, this part of total cigarette consumption in the general population is very small. Assuming plausibly that 5% of the children aged 12-14 smoke on average 5 cigarettes per day, their total consumption would amount to 0.02 bn cigarettes.
(Taking 2012 as reference year (year with maximum 12-14 population of the study period), (249 945 persons aged 12-14)*0.05*5*366/10 9 = 0.023 bn cigarettes / year.) If this number is added to the reported consumption estimated by FOPH, the total is still under the 6.31 bn cigarettes shown in table 2 for 2014. It should be noted also that this issue does not affect the comparison with France, since French data also relate to age group 15+. Two other issues also arise in the calculation of reported consumption. People who declared themselves as smokers may have subsequently quit smoking during the same year, therefore consuming cigarettes for fewer than 365 days, whereas our calculation assumes that all smokers keep smoking the average number of daily cigarettes for the whole year, thus overestimating actual consumption. On the other hand, especially among young respondents, some nonsmokers at the time of the interview may have started smoking later in the year, thus consuming cigarettes that are not taken into account in our measure of reported consumption. However, consistently with previous findings by Hatziandreu et al. [15] , we can assume that these two effects are small and, as the population of smokers has remained relatively stable in 2014 compared with previous years, that they cancel each other out. We therefore reject explanation 1.
Explanation 2: Actual consumption is lower than aggregate data indicate
The possibility that actual consumption was lower than our estimates cannot be excluded. Data that could be questioned are the inflows and outflows taken from the KPMG reports [25, 26] , which indicate a positive balance. However, this balance is relatively small (always less than 10% of the domestic consumption of manufactured cigarettes) and, even assuming the unlikely possibility that it is zero, this would not remove the discrepancy between reported consumption and actual consumption: there would still remain a discrepancy of at least 4 bn cigarettes for each year of the period. Cigarettes bought in Switzerland and on which excise taxes were fully levied were very unlikely to have been massively exported to other countries, as they were similarly or more expensive than cigarettes in neighbouring countries at the time, as is shown in table 4. The KPMG reports [25, 26] found that inflows of legally imported cigarettes originate mostly from Germany and Italy, whereas the legal flow from France (between 0.04 bn and 0.12 bn cigarettes) is reflected by the high volumes of tourists and commuters consuming French-origin packs when in Switzerland. This is something we have taken into account with our balance of tourism adjustment. Illegal inflows (mostly contraband) are estimated by the KPMG reports [25, 26] to be 3.7%, 2.2% and 2.6% of the total consumption of manufactured cigarettes in 2013, 2014 and 2015, respectively, whereas the Federal Customs Administration estimates that it is "well below 5%" [33] . Both agree that this proportion is small. Even allowing for possible inaccuracies, the contribution of inflows and outflows, and their balance, would remain within a few percent of total consumption and therefore cannot explain the discrepancy. Finally, one possibility could consist in smokers not consuming all the cigarettes they buy and throwing away some of them. Although we do not have scientific data on this subject, we find it unlikely that smokers would throw away cigarettes in any significant way, given their price. If the phenomenon exists, it must be very rare: KPMG has called its methodology "empty pack survey" [25, 26] probably because the cigarette packs they collect in the streets are indeed empty. We therefore assume such a phenomenon is not of sufficient scale to alter our results in any significant way. We therefore reject explanation 2.
Explanation 3: Actual smoking intensity is higher than reported by surveys
The AMIS survey results for 2014 indicate that smoking intensity was lower in Switzerland than in France (see table 3 ): on average, Swiss smokers declared consuming 9.9 cigarettes per day, and their French counterparts reported 11.3 cigarettes daily. The proportion of nondaily consumers among smokers was much larger in Switzerland (31%) than in France (17%). It is known that smokers tend to underreport the quantity of cigarettes they smoke, for instance by 32% as described in a study from the USA [11] . While this phenomenon could be involved here, it is still intriguing why it would particularly affect Swiss survey respondents, while the French Baromètre santé 2014 survey seems to be almost immune to such underreporting. Assuming that French smokers only underreported the daily number of cigarettes they smoke, this would be at most by 7.3%: the true number of cigarettes they smoked on average per day in 2014 would not exceed 12.1 cigarettes. As Europeans, Swiss and French smokers can be presumed to be culturally closer to each other than they are to smokers in the USA, one could thus assume that underreporting of smoking intensity by Swiss residents would be closer to that of French residents than in the USA. Thus, the Swiss underreporting of daily cigarettes is plausibly between 7.3% (like France) and the upper limit of 32% (like the USA). [12] for the United States. The two scenarios assume that Swiss smokers consume as many or more cigarettes daily than their French counterparts, an assumption that is not highly plausible and would need to be verified. three times higher in France than in Switzerland [34, 35] . People with a low socioeconomic status or who are unemployed tend to smoke more than the rest of the population, both in terms of prevalence and number of daily cigarettes [36] [37] [38] . With more than 10% of its active population without a job [39] , France had in 2014 a large pool of heavy smokers with no similar counterpart in Switzerland [40] . We further observe that in these two scenarios, the prevalence required to consume 11.56 bn cigarettes is above 31%, which is at least 6% higher than AMIS reported prevalence. Finally, we have calculated that if the discrepancy came only from underreporting, this would imply that daily smokers in Switzerland smoke on average 25 cigarettes per day, 10 more than their French counterparts under the same assumption. We see no valid explanation for such a huge difference. We therefore conclude that explanation 3 can be accepted, but is not sufficient to fully explain the discrepancy even when adjusted for underreporting of smoking intensity.
Explanation 4: Actual prevalence is higher than reported by surveys
Having been unable to fully elicit the discrepancy with the previous explanations, we are left with the explanation that actual prevalence in Switzerland is higher than what is being reported. What could be the cause of such differences? We see two possibilities: -Misreporting. It is known that in surveys with questions related to socially undesirable behaviours, there is a risk that respondents provide answers which understate the reality of their behaviour or even hide it [14] . Although this phenomenon is more marked with self-reporting of the number of daily cigarettes (underreporting), it is likely to also affect self-reporting of smoking status (misreporting). One possible further cause of under-or misreporting would be with respondents who use cannabis. Dual cigarette/cannabis users might consider themselves primarily as cannabis users or might be reluctant to report their smoking status as it is associated with an activity which is illegal in Switzerland. Four out of five young cannabis-only users (3.4% of adolescents) who mull frequently (i.e., add tobacco to cannabis for its consumption) could also be considered as cigarette smokers [41] . However, prevalence in Switzerland of cannabis use remains relatively small compared with tobacco (3% use during the last 30 days [4] ) and is insufficient to explain the reporting discrepancy. Another possible aggravating factor might be a priming effect of questions related to alcohol, which precede questions on tobacco in both the AMIS and SHS questionnaires, since alcohol consumption is known to be associated with a high rate of reporting discrepancy [42] . -Sampling bias. Heavy tobacco users, who often are also heavy alcohol drinkers, might be reluctant to accept being included in AMIS, a survey about addictions, as they might have concerns about being stigmatised by the questions. Again, cannabis users might be more likely to refuse to participate in the survey owing to the illegal character of their consumption. Furthermore, Swiss residents randomly designated to participate in AMIS but who did not possess a registered fixed phone (many young professionals) could have more easily dropped out of the survey sample. We therefore conclude that explanations 3 and 4 together provide the plausible answer. The large discrepancy between reported consumption and actual consumption is most likely the combined effect of underreporting the intensity of smoking (number of daily cigarettes), misreporting the smoking status and sampling bias. Our analysis therefore suggests that Swiss reported statistics underestimate true prevalence. Comparisons with France further suggests that the level of underestimation could be at least by 6 percentage points, i.e., true prevalence might be 31% or more.
Conclusion
Misreporting prevalence and underreporting smoking intensity in surveys have been documented in the literature, but the level of discrepancy is generally smaller than the discrepancy observed in the Swiss surveys on smoking, where reported consumption from AMIS and SHS survey results explain only about 55% of actual consumption of cigarettes. Swiss data on tobacco smoking offer an illustration of Kenneth Warner's observation that "analyses of the surveys not only understate the level of smoking at any point in time, they also present the public with an erroneous view of behavioural change, mixing under that label true changes in smoking behaviour with increases in underreporting" [14] . For instance, a decrease of self-reported smoking prevalence would not necessarily mean a corresponding decrease in actual smoking prevalence, but could reflect a behavioural change of respondents who be- come more reluctant to declare themselves as smokers and who are more prone to claim that they smoke fewer cigarettes than they actually do [15] . Thus, prevalence results may not be comparable across years and their public health pertinence may thus be reduced. Our finding suggests that current official data about smoking prevalence in Switzerland may underestimate actual prevalence by at least 6 percentage points. Identifying the specific causes for the reporting discrepancy described in the present paper could help in finding ways to improve official data quality through adaptation of survey methodology. Swiss public health and political decision makers need reliable indicators of smoking prevalence, notably if Switzerland wants to monitor its progress towards achieving the voluntary global target of a 30% relative reduction in prevalence of current tobacco use in persons aged 15 
